Surgery is gold-standard for correction of Peyronie's curvature. Grafting is preferred in advanced deviations. We present our novel surgical technique and early results of grafting with collagen fleece. Patients with stable Peyronie's disease (PD) were included. Grafting was performed by a ready-to-use collagen fleece coated with tissue sealant (TachoSil, Nycomed, Konstanz, Germany), following partial plaque excision/incision. Results of correction were documented by artificial erection. In all, n ¼ 70 consecutive patients underwent surgery. Mean patient age was 56.4 years (range: 33-72); 88.6% of patients had dorsal deviation, 11.4% lateral or ventral deviation. Grafting after partial plaque excision was performed in 61 patients (87.1%), after plaque incision in 2 (2.9%) patients. In the former patients, mean operative time was 94.2 min (range: 65-165). Totally straightness was achieved in 83.6%. Three patients required surgical drainage because of subcutaneous haematoma formation. After mean early follow-up of 5.2 days (range: 2-15), glans sensation was normal in 56 patients (91.8%). Seven patients (10.0%) underwent Nesbit procedure alone. Grafting by collagen fleece in PD is feasible and promising. Major advantages are decreased operative times and easy application. Moreover, an additional haemostatic effect is provided. However, long-term clinical outcomes are necessary to confirm these encouraging findings.
INTRODUCTION
Peyronie's disease (PD) is an acquired disease of the penile tunica albuginea leading to fibrous plaques. These plaques can cause penile deviation, shortening, painful erections and erectile dysfunction (ED). [1] [2] [3] [4] The disease is postulated to be initiated by repetitive minor traumas to the fully or partially erect penis. 5 Main symptoms of the acute disease phase are increasing plaques and deviation, in combination with pain. 1 In the stable phase of PD, which usually begins 12 months from onset, deviation and plaques remain stable while deviation is the main symptom. 6 Penile deviation may lead to inability for sexual intercourse. 2, 6 These cases require treatment. Surgery is gold-standard for treatment of deviation in stable PD. 2 Surgical therapy is subdivided into three main procedures: (1) plication techniques, (2) grafting procedures with partial plaque excision or incision followed by defect closure with various grafts, and (3) correction of deviation with simultaneous penile prosthesis implantation in patients with ED not responding to medical therapy. 1, 2 Grafting procedures are historically preferred in penile deviations 4601, as these procedures can minimize length loss associated with plication/Nesbit procedure. 2, 7 After partial plaque excision/incision, various grafts are used to cover the tunical defect. All grafts, autologous or non-autologous, however, have to be exactly adjusted and sutured into the defect. Apart from the increased operative time, this can lead to defects on the donor site when autologous material is removed. 2 In the present feasibility study, we present and describe our novel surgical technique of grafting with a ready-to-use collagen fleece after partial plaque excision as there is growing interest in tissue-engineered materials, and we also report early postoperative results of this surgical approach.
MATERIALS AND METHODS
Patients with stable PD were included in this clinical observational study at two centres (Departments of Urology: Technische Universität Mü nchen, Klinikum rechts der Isar, Munich, Germany; and Siloah St. Trudpert Hospital, Pforzheim, Germany). Inclusion criteria comprised disease duration of at least 12 months, stable disease of minimum 6 months, penile deviation leading to inability for sexual intercourse and patient age X18 years. Exclusion criteria were penile pain and ED refractory to phoshodiesterasetype-5 inhibitors or intracavernous injections.
Preoperative evaluation consisted of detailed history, physical examination, sonography and artificial erection to assess penile deviation. Plaque localization was performed by palpation and sonography using a 7.5-MHz linear transducer. Plaque size, determined as product of length and width in mm 2 , was measured with a ruler. In case of X2 plaques, size was not assessed because measurement was not feasible. The degree of deviation was measured by a goniometer after artificial erection using intracavernosal Alprostadil (Caverject, Pfizer, Berlin, Germany). Photographic documentation of curvature was performed in all the patients. In addition, erectile function was assessed by the International Index of Erectile Function questionnaire (IIEF-5).
Surgery was performed by a circumcising degloving incision in all the patients. After lateral dissection and mobilization of the neurovascular bundle, an artificial erection was performed to assess the degree of deformity and the point of maximum curvature. Grafting of the tunical defect was performed in all the cases using a ready-to-use collagen fleece coated with tissue sealant (TachoSil, Nycomed, Konstanz, Germany), following partial plaque excision or incision over the area of maximum curvature. Partial plaque excision was carried out at the concave side of the deviation by excision of a 0.5 cm Â 2.0 cm (longitudinal and transverse direction, respectively) spindle-shaped part of the tunica albuginea. The tunical defect was then extended laterally in the transverse direction up to half of the circumference on both sides of the penile shaft, leaving at least 1 cm space to the urethra (Figure 2 ). In case of plaque incision, a transverse incision of the tunica albuginea of approximately 3 cm was performed on the concave side of the deviation. The fleece with an original size of 4.8 cm Â 4.8 cm was tailored to cover the individual extent of patient's defect and was moistened with physiological saline before its application. Then, the fleece was manually compressed onto the defect for approximately 3 min. Additional fixation by sutures was not performed (Figures 1-4) . Results of the correction were documented intraoperatively by repeatedly artificial erection using physiological saline. In case of ventral/lateral deviation, a classical Nesbit procedure was performed to avoid mobilization of the urethra and thus reduce morbidity. Loosely dressing followed surgery. A transurethral catheter was not placed routinely.
Early postoperative data, including pain, ecchymosis and glans sensation, were recorded. Moreover, data concerning antibiotic therapy/ catheter placement if necessary, or revision surgery, were documented.
In lieu of a formal ethics committee, the principles of the Helsinki Declaration were followed. All patients were informed about the surgical procedure and realistic expectations were pointed out. Moreover, risks, complications and potential outcomes of surgery were discussed preoperatively. Written informed consent was obtained from all the patients. Surgery was performed by either one of the two doctors (GH, SL).
RESULTS
Overall, 70 consecutive patients were included in this study, and all of the patients underwent surgery. Mean patient age was 56.4 years (range: 33-72). All patients had stable PD and were unable for sexual intercourse due to deviation. Thirty-five patients (50%) had one therapy and seven patients (10%) two treatments for PD before surgery (Table 1) . Two patients (2.9%) underwent surgery because of recurrence of deviation after previous surgical correction for PD. One patient underwent classical Nesbit procedure 26 months earlier, and the other patient partial plaque excision and collagen fleece grafting 38 months earlier. All patients responded well to artificial erection, with no need for further colour duplex imaging in anyone. Penile rigidity during artificial erection before surgery, assessed by the Erection Hardness Score was 3 or 4 in all the patients, showing adequate rigidity for penetration. The IIEF-5 score was X18 in all the patients before surgery. Sixty-two patients (88.6%) had dorsal deviation, 8 patients (11.4%) lateral or ventral deviation. A detailed overview of patients' characteristics is given in Table 1 .
Surgical management and intraoperative results of grafting procedure Surgery was performed in general anaesthesia. Partial plaque excision and grafting with collagen fleece was performed in 61 patients (87.1%). In 22/61 patients (36.1%), additional plication with Polydioxanone 2-0 suture was performed, according to Essed-Schroeder, to correct a persisting concomitant lateral deviation of o151, aiming to achieve totally straightness. Partial plaque excision was done for obtaining material for histopathological examination and for scientific reasons. Plaque incision and grafting was done in two patients (2.9%). Mean operative time in the former group was 94.2 min (range: 65-165). Totally straightness was achieved in 51 patients (83.6%). Ten patients (16.4%) had residual deviation of o101 at the end of operation. Table 2 lists intraoperative results, including deviation angles.
Early postoperative results after grafting procedure Mean early follow-up was 5.2 days (range: 2-15), which was the day of discharge. Patients were not on bed rest after surgery.
Twenty-two patients (34.9%) experienced pain postoperatively, which responded well to non-steroidal analgetics in all patients. Postoperative catheterization was necessary in four patients Table 3 .
DISCUSSION
Penile deviation associated with PD can interfere with patient's sexual life. Surgery is indicated when deviation leads to inability for sexual intercourse. 1, 8 Generally, plication techniques are applied when deviations are o601, because penile curvatures 4601 will exacerbate penile shortening after plication leading to patient dissatisfaction. 9 In more advanced deviations, the preferred treatment is plaque incision or partial plaque excision followed by closing of the tunical defect by various grafts, as these procedures can maintain penile length.
The ideal graft should not prolong operative time, be readily available, be resistant to infection, should not contract, should induce haemostasis, preserve erectile capacity and be costeffective. However, this graft has not yet been developed. Today, two graft types are being used mainly: autologous grafts (for example, saphenous vein, buccal mucosa) and non-autologous grafts/allografts/xenografts (for example, small intestinal submucosa (SIS), pericardium). The use of autologous grafts necessitates a second incision for harvesting, which in turn leads to greater morbidity and prolonged operative time. For this reason, there is a current tendency to use non-autologous grafts. 1 In the present study, we present and describe our novel surgical technique for correction of PD in a large series of patients by partial plaque excision and grafting with a ready-to-use collagen fleece, as there is growing interest in tissue-engineered materials. The collagen fleece is available off-the-shelf and acts as a scaffold allowing tunical regeneration. It is a bioequivalent xenograft based on equine collagen depleted of immunogenic epitopes and contains human fibrinogen and thrombin, thus the risk of immune reactions/infections is minimal. Major advantages of the fleece are its coating with fibrin glue, resulting in no need for fixation, and providing a haemostatic effect. The costs of the collagen fleece are 190 Euros, which is more cost-effective compared with other grafts (for example, four-layer-SIS 390 Euros). Other indications for the collagen fleece in urology include nephron-sparing kidney surgery for haemostasis and pelvic lymphadenectomy during radical prostatectomy to prevent lymphoceles. 10, 11 Here, we also provide early postoperative results, as there is limited data available in literature on early postoperative outcomes following PD surgery. These data are important to adequately counsel patients before surgery in what they might expect after surgery. Moreover, the urologist should be aware of early postoperative complications, such as haematoma, even though surgical revisions are rare.
Early results of grafting procedure Only few reports are available in literature regarding operative times. Kim et al. 12 reported on 32 patients undergoing plaque incision and saphenous vein grafting with mean operative time of 13 used buccal mucosa graft in 15 patients and reported a mean operative time of 136 min. In contrast, mean operative time in our study was 94.2 min following partial plaque excision and grafting. The collagen fleece used in our series is coated with fibrin glue, therefore no fixation or suturing into the tunical defect is necessary, resulting in reduced operative time and consequently reduced morbidity.
Another advantage is the haemostatic effect provided by the fleece. In fact, three patients required drainage because of haematoma formation. However, these were located subcutaneously, not at the graft site. No haematoma and no detachment of the collagen fleece were observed in the whole series, showing the excellent haemostatic effect and the watertight closure of the fleece. Breyer et al.
14 who used SIS graft in 19 patients observed haematomas in 26%. In contrast to our findings, these were located at the graft site and required ultrasound-guided aspiration. Additionally, in our series, postoperative ecchymosis were found in 16 patients (25.4%). Like the haematomas, these were caused by subcutaneous bleeding from the incision site of Buck's fascia during surgery. We did not perform haemostasis at this site to avoid damage to the neurovascular structures; we rather applied a dressing around the penile shaft postoperatively. In this regard, it should be emphasized that these ecchymosis resolve spontaneously and do not require treatment in the majority of cases.
At early follow-up, we did not observe graft infection as reported by the use of other grafts like SIS.
14 However, 14 patients in our study experienced elevated temperatures, which are most likely associated with some kind of dermal infection as surgery was performed without any antibiotic prophylaxis. After adequate antibiotic therapy, temperatures ceased, and at the time of discharge, there were no signs of infection in any patient.
Our results with regard to penile straightening are in line with results in literature. Using various autologous and non-autologous grafts results in a straightening rate of 55-100%. 1 In our series, totally straightness was achieved in 83.6% of patients following partial plaque excision, with 16.4% having a o101 residual deviation. Like in other series, we used additional plication to correct a residual deviation to achieve complete straightness in 36.1% of patients. 13, 15, 16 As determination of penile length was not routinely performed intraoperatively, data on this parameter are not mentioned in the present study.
Changes in penile sensation after surgery vary in literature. 2 In the study by Kalsi et al., 17 glans numbness was reported in 7.1% of patients following grafting with fascia lata. Moreover, Knoll 18 reported a 16.7% penile hypaesthesia with SIS grafting. However, in both series spontaneous resolution within 3 months was observed. Kim et al. 12 reported even 60% loss of sensation after plaque incision and saphenous vein grafting. This high rate might be explained by the relatively long mean operative time of 234 min. In our series, 8.2% of patients reported diminished sensation. However, as shown in other studies, it is to be expected that glans hypaesthesia will spontaneously resolve in nearly all the patients with time. 12, 16, 18 Therefore, patients should be counselled accordingly. Additional, as reported by Taylor and Levine, 16 existing diminished sensation does not necessarily result in orgasmic dysfunction. In their study, 31% of patients undergoing pericardial grafting after partial plaque excision experienced diminished sensation. However, 90% of patients were able to achieve orgasm.
Preoperative and early postoperative erectile function after grafting procedure Assessment of erectile status in PD patients before surgery is important, because PD is associated with ED in 50-60% of patients. 1 In our study, the IIEF-5 score was X18 in all the patients. However, we do not rely on the IIEF-5 score, as it often represents the subjective view of patients. We rather perform an artificial erection as it provides objective outcomes.
ED in PD surgery is more likely to occur during a grafting procedure than after plication/Nesbit and is due to the exposure of cavernosal tissue, with potential disruption of the venoocclusive mechanism and more extensive mobilization of the neurovascular bundle. 16 In literature, the rate of ED after grafting procedures ranges from 0% to 68% after a mean follow-up of 6-42 months. 1 An objective assessment of early postoperative erectile function in our study by artificial erection or the IIEF-5 questionnaire was not meaningful due to the short follow-up. Objective data of long-term follow-up are needed to compare with results in literature. However, ED is common in PD surgery irrespective of the graft and surgical technique used. 1 This will probably also refer to the collagen fleece. It appears that patient selection, and not graft material, is the main determining factor for postoperative ED in PD surgery, as shown in a recent study by Sansalone et al. Surgical correction of penile deviation by grafting in patients with hour-glass deformity is challenging, irrespective of the graft used. In our study, the collagen fleece is tailored before its administration to cover the individual extent of patient's defect after partial plaque excision. However, as the collagen fleece shows a thickness of approximately 1 mm, the hour-glass deformity will probably still be present after surgery. Long-term follow-up is needed to assess this important aspect. However, irrespective of the graft used, the patient should be informed that hour-glass deformity may persist after surgery.
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Future perspectives Further, ideally prospective, multicenter, randomized, controlled trials comparing different graft types (autologous/non-autologous) and surgical outcomes are needed to fully evaluate the role of different grafts in PD and to define the ideal graft. These studies should include standardized treatment protocols, validated assessment tools and exact definitions of inclusion and exclusion criteria. An ideal study should also examine histological effects of various grafts on the tunica albuginea. However, surgeon experience, careful patient selection, patient preference and type of penile deformity will affect the choice of graft used. Moreover, availability and costs of grafts will limit and affect their use.
CONCLUSIONS
Grafting by collagen fleece following partial plaque excision in PD surgery is feasible and promising. Major advantages of the collagen fleece as graft are decreased operative times and its ease of application, in combination with cost-effectiveness. Additionally, this graft seems to offer improved haemostasis and decreased infectious risk, therefore representing a feasible and promising alternative to other grafts. Long-term results are necessary to confirm these encouraging findings and to evaluate more clinical and objective outcomes.
